Measurements of inclusive jet suppression in heavy ion collisions at the LHC provide direct sensitivity to the physics of jet quenching. In a sample of lead-lead collisions at √ s NN = 2.76 TeV corresponding to an integrated luminosity of approximately 7 µb −1 , ATLAS has measured jets with a calorimeter system over the pseudorapidity interval |η| < 2.1 and over the transverse momentum range 38 < p T < 210 GeV. Jets were reconstructed using the anti-k t algorithm with values for the distance parameter that determines the nominal jet radius of R = 0.2, 0.3, 0.4 and 0.5. The centrality dependence of the jet yield is characterized by the jet "central-to-peripheral ratio," R CP . Jet production is found to be suppressed by approximately a factor of two in the 10% most central collisions relative to peripheral collisions. R CP varies smoothly with centrality as characterized by the number of participating nucleons. The observed suppression is only weakly dependent on transverse momentum. A significant dependence of the R CP on the jet radius is observed for jets with p T < 100 GeV. These results provide the first direct measurement of inclusive jet suppression in heavy ion collisions and complement previous measurements of dijet transverse energy imbalance at the LHC.
Introduction
Collisions of lead ions at the LHC are expected to create strongly interacting matter at the highest temperatures ever produced in the laboratory [1] . This matter may be deconfined with a high density of unscreened colour charges. High transverse momentum (p T ) quarks and gluons generated by hard-scattering processes have long been considered an important tool for probing the properties of the matter created in ultra-relativistic nuclear collisions. The energy loss of the partons propagating through the matter may provide direct sensitivity to the colour charge density and to the transport properties of the matter [2] [3] [4] . Indirect observations of substantial parton energy loss or "jet quenching" via suppressed single high-p T hadron yields [5] [6] [7] [8] and disappearance of the dijet contribution to di-hadron correlations [9, 10] have contributed to the conclusion that Au+Au collisions at RHIC produce a quark-gluon plasma [11, 12] . Observations of highly asymmetric dijets in central Pb+Pb collisions at the LHC [13] [14] [15] can be understood in the context of "differential" jet quenching, where one parton produced from an initial hard-scattering loses significantly more energy than the other, possibly as a result of different path lengths of the partons in the matter [16] . However, the asymmetry is not sensitive to situations where the two jets in a dijet pair lose comparable amounts of energy, so other measurements are required to probe "inclusive" jet quenching.
The inclusive, per-event jet production rate provides such a measurement. Energy loss of the parent partons in the created matter may reduce or "suppress" the rate for producing jets at a given transverse momentum. Such energy loss is expected to increase with medium temperature and with increasing path length of the parton in the medium [17] . As a result, there should be more suppression in central Pb+Pb collisions, which have nearly complete overlap between the incident nuclei, and little or no suppression in peripheral collisions where the nuclei barely overlap. In the absence of energy loss, the jet production rate is expected to vary with Pb+Pb collision centrality approximately in proportion to N coll , the number of nucleon-nucleon collisions that take place during a single Pb+Pb collision. The jet suppression may be quantified using the central-to-peripheral ratio, R CP , the ratio of the per-event jet yields divided by the number of nucleon-nucleon collisions in a given centrality bin to the same quantity in a peripheral centrality bin. The quantity, R CP , has the advantage that potentially large systematic uncertainties, especially those arising from systematic errors on the jet energy scale, largely cancel when evaluating the ratios of jet spectra within the same data set. The variation of the suppression with jet transverse momentum and with collision centrality will depend both on the energy loss mechanism and on the experimental definition of the jet. In the case of radiative energy loss, jet energies can be reduced by greater "out-of-cone" radiation, which should be more severe for smaller jet radii [18] [19] [20] . Naively, collisional energy loss would result in a suppression that is independent of radius. However recent calculations suggest that collisional processes can also contribute to jet broadening [21] . A measurement of the radius dependence of jet suppression could further clarify the roles of radiative and collisional energy loss in jet quenching.
This Letter presents measurements of the inclusive jet R CP in Pb+Pb collisions at a nucleonnucleon centre-of-mass energy of √ s NN = 2.76 TeV using data collected during 2010 corresponding to an integrated luminosity of approximately 7 µb −1 . Results are presented for jets reconstructed from energy deposits measured in the ATLAS calorimeters using the anti-k t jet-finding algorithm [22] . The anti-k t reconstruction was performed separately for four different values of the anti-k t distance parameter, R, that specifies the nominal radius of the reconstructed jets, R = 0.2, 0.3, 0.4 and 0.5. For the remainder of the Letter the term "radius" will refer to the distance parameter, R. The jet energy is functionally defined to be the total energy within the jet clustering algorithm above an uncorrelated underlying event. This jet definition may include medium response with is correlated with the jet. The underlying event contribution to each jet was subtracted on a per-jet basis, and the R CP values were calculated after unfolding the jet spectra for distortions due to intrinsic jet resolution and underlying event fluctuations.
Experimental setup and trigger
The measurements presented here were performed using the ATLAS calorimeter, inner detector, trigger, and data acquisition systems [23] . The ATLAS calorimeter system consists of a liquid argon (LAr) electromagnetic (EM) calorimeter covering |η| < 3.2, a steel-scintillator sampling hadronic calorimeter covering |η| < 1.7, a LAr hadronic calorimeter covering 1.5 < |η| < 3.2, and two LAr electromagnetic and hadronic forward calorimeters (FCal) covering 3.2 < |η| < 4.9
1 . The hadronic calorimeter granularities or cell sizes in ∆η × ∆φ are 0.1 × 0.1 for |η| < 2.5 and 0.2 × 0.2 for 2.5 < |η| < 4.9
2 . The EM calorimeters are longitudinally segmented into three compartments with an additional pre-sampler layer. The EM calorimeter has a granularity that varies with layer and pseudorapidity, but which is generally much finer than that of the hadronic calorimeter. The middle sampling layer, which typically has the largest energy deposit in EM showers, has a ∆η × ∆φ granularity of 0.025 × 0.025 over |η| < 2.5.
Charged particles associated with the calorimeter jets were measured over the pseudorapidity interval |η| < 2.5 using the inner detector [24] . The inner detector is composed of silicon pixel detectors in the innermost layers, followed by silicon microstrip detectors and a straw-tube tracker, all immersed in a 2 T axial magnetic field provided by a solenoid. Minimum bias Pb+Pb collisions were identified using measurements from the zero-degree calorimeters (ZDCs) and the minimum-bias trigger scintillator (MBTS) counters. The ZDCs are located symmetrically at z = ±140 m and cover |η| > 8.3. In Pb+Pb collisions the ZDCs primarily measure "spectator" neutrons -neutrons from the incident nuclei that do not interact hadronically. The MBTS measures charged particles over 2.1 < |η| < 3.9 using two sets of counters placed at z = ±3.6 m. Events used in this analysis were selected for recording by the data acquisition system using a logical or of ZDC and MBTS coincidence triggers. The MBTS coincidence required at least one hit in each side of the detector, and the ZDC coincidence trigger required the summed pulse height from each calorimeter to be above a threshold set below the single neutron peak.
Event selection and centrality definition
In the offline analysis, Pb+Pb collisions were required to have a primary vertex reconstructed from charged particle tracks with p T > 500 MeV. The tracks were reconstructed from hits in the inner detector using the standard ATLAS track reconstruction algorithm [25] with settings optimized for the high hit density in heavy ion collisions [26] . Additional requirements of a ZDC coincidence, at least one hit in each MBTS counter, and a difference in times measured by the two sides of the MBTS detector of less than 3 ns were imposed. The combination of the ZDC and MBTS conditions and the primary vertex requirement efficiently eliminates both beam-gas interactions and photonuclear events [27] . These event selections yielded a total of 51 million minimum-bias Pb+Pb events. Previous studies [26] indicate that the combination of trigger and offline requirements select minimumbias hadronic Pb+Pb collisions with an efficiency of 98 ± 2%.
The centrality of Pb+Pb collisions was characterized by ΣE FCal T , the total transverse energy measured in the forward calorimeters. The distribution of ΣE FCal T was divided into intervals corresponding to successive 10% percentiles of the full centrality distribution after accounting for the missing 2% most peripheral events. A standard Glauber Monte-Carlo analysis [28, 29] was used to estimate the average number of participating nucleons, N part , and the average number of nucleon-nucleon collisions, N coll , for Pb+Pb collisions in each of the centrality bins. The results are shown in Table 1. The R CP measurements presented here use the 60-80% centrality bin as a common peripheral reference. The R CP calculation requires the ratio,
60-80 coll
, where N 60-80 coll is the average number of collisions in the 60-80% centrality bin. The R coll uncertainties have been calculated by evaluating the changes in R coll due to variations of the minimum-bias trigger efficiency, parameters of the Glauber calculation, and parameters in the modelling of the ΣE FCal T distribution [26] . The R coll values and uncertainties are also reported in Table 1.
Monte Carlo samples
Three Monte Carlo (MC) samples [30] were used for the analysis in this Letter. A total of 1 million simulated minimum-bias Pb+Pb events were produced using version 1.38b of the HIJING event generator [31] . HIJING was run with default parameters except for the disabling of jet quenching. To simulate the effects of elliptic flow in Pb+Pb collisions, a parameterized centrality-, η-and p Tdependent cos 2φ modulation based on previous ATLAS measurements [26] was imposed on the particles after generation [32] . The detector response to the resulting HIJING events was evaluated using GEANT4 [33] configured with geometry and digitization parameters matching those of the 2010 Pb+Pb run.
A "MC overlay" data set, intended specifically for evaluating jet performance, was obtained by overlaying GEANT4-simulated √ s NN = 2.76 TeV pp hard-scattering events on the HIJING events described above. The pp events were obtained from the ATLAS MC09 tune [34] of the PYTHIA event generator [35] . One million PYTHIA hardscattering events were generated for each of five intervals ofp T , the transverse momentum of outgoing partons in the 2 → 2 hard-scattering, with boundaries 17, 35, 70, 140, 280 and 560 GeV. The pp events for eachp T interval were overlaid on the same sample of HIJING events. A smaller sample of "data overlay" events was produced by overlaying 150k GEANT4-simulated PYTHIA pp events onto 150k minimum-bias Pb+Pb data events recorded during the 2011 LHC Pb+Pb run. Due to the different detector conditions in the 2010 and 2011 runs, the data overlay events cannot provide the corrections required for this analysis. However, they provide a valuable test of the accuracy of HIJING in describing the underlying event.
Jet reconstruction
Calorimeter jets were reconstructed from ∆η × ∆φ = 0.1 × 0.1 towers using the anti-k t algorithm [22] in four-vector recombination mode with anti-k t distance parameters R = 0.2, 0.3, 0.4 and 0.5. The tower energies were obtained by summing energies, calibrated at the electromagnetic energy scale [36] , of all cells in all layers within the η and φ boundaries of the towers. Cells that span tower boundaries had their energy apportioned by the fraction of the cell contained within a given tower. The jet measurements presented here were obtained by performing the anti-k t reconstruction on the towers prior to underlying event (UE) subtraction and then evaluating and subtracting the UE from each jet at the calorimeter cell level. The subtraction procedure calculates a per-event average UE energy density excluding contributions from jets and accounting for effects of elliptic flow modulation on the UE [37] . The UE estimation and subtraction was performed using a two-step procedure that was identical for all jet radii.
A first estimate of the UE average transverse energy density, ρ i (η), was evaluated in 0.1 intervals of η from all cells in each calorimeter layer, i, within the given η interval excluding those within "seed" jets. In the first subtraction step, the seeds are defined to be R = 0.2 jets containing at least one tower with E T > 3 GeV and having a ratio of maximum tower transverse energy to average tower transverse energy, E max T / E T > 4. Elliptic flow in Pb+Pb collisions can impose a 2v 2 cos [2(φ − Ψ 2 )] modulation on the UE. Here, v 2 is the second coefficient in a Fourier decomposition of the azimuthal variation of the UE particle or energy density, and the event plane angle, Ψ 2 , determines the phase of the elliptic modulation. Standard techniques [26, 37] were used to measure Ψ 2 ,
where k runs over cells in the FCal, φ k represents the cell azimuthal angle, and w k represent per-cell weights empirically determined to ensure a uniform Ψ 2 distribution. An η-averaged v 2 was measured separately for each calorimeter layer according to
where j runs over all cells in layer i. The UEsubtracted cell transverse energies were calculated according to
where E Tj , η j , φ j and A j represent the cell E T , η and φ positions, and area, respectively for cells, j, in layer i. The kinematics for R = 0.2 jets generated in this first subtraction step were calculated via a four-vector sum of all (assumed massless) cells contained within the jets using the E T values obtained from Eq. 3.
The second subtraction step starts with the definition of a new set of seeds using a combination of R = 0.2 jets from the first subtraction step with E T > 25 GeV and track jets (defined below) with p T > 10 GeV. Using this new set of seeds, a new estimate of the UE, ρ i (η), was calculated excluding cells within ∆R = 0.4 of the new seed jets, where ∆R = (η cell − η jet ) 2 + (φ cell − φ jet ) 2 . New v 2i values, v 2 i , were also calculated excluding all cells within ∆η = 0.4 of any of the new seed jets. This exclusion largely eliminates distortions of the calorimeter v 2 measurement in events containing high-p T jets. The background subtraction was then applied to the original cell energies using Eq. 3 but with ρ i and v 2i replaced by the new values, ρ i (η) and v 2 i . New jet kinematics were obtained for all jet radii from a four-momentum sum of cells within the jets using the subtracted cell transverse energies. Jets generated in this second subtraction step having E T > 20 GeV were recorded for subsequent analysis.
A correction of typically a few per cent was applied to the reconstructed jets to account for incomplete exclusion of towers within jets from the UE estimate due, for example, to differences in direction between the seeds and the final jets. This correction was validated by applying the full heavy ion jet reconstruction procedure to 2.76 TeV pp data collected by ATLAS in March 2011. The reconstructed jets were compared, jet-by-jet, to those obtained from the pp jet reconstruction procedure. After this last correction for incomplete exclusion of jets from the background, the energy scales of the heavy ion and pp reconstruction procedures agreed to better than 1% for E T > 25 GeV. A final correction depending on the jet η, E T , and R was applied to obtain the correct hadronic energy scale for the reconstructed jets. The calibration constants were derived separately for the four jet radii using the same procedure applied to pp jet measurements [36] .
In addition to the calorimeter jet reconstruction, track jets were reconstructed using the anti-k t algorithm with R = 0.4 from charged tracks that have a good match to the primary vertex and that have p T > 4 GeV. This threshold suppresses contributions of the UE to the track jet measurement. Specifically, an R = 0.4 track jet has an estimated likelihood of including an uncorrelated p T > 4 GeV charged track of less than 4% in the 0-10% centrality bin. The single track reconstruction efficiency is ≈ 80%, approximately independent of centrality.
The fluctuating UE in Pb+Pb collisions can potentially produce reconstructed jets that do not originate from hard-scattering processes. In the remainder of this Letter such jets are referred to as "underlying event jets" or UE jets. A requirement that calorimeter jets match at least one track jet with p T > 7 GeV or an EM cluster reconstructed from cells in the electromagnetic calorimeter [38] with p T > 7 GeV was applied to exclude UE jets. The matching criterion for both track jets and EM clusters is that they lie within ∆R = 0.2 of the jet. Applying this matching requirement provides a factor of about 50 rejection against UE jets while inducing an additional p T -dependent inefficiency in the jet measurement. To accommodate the use of track jets in the UE jet rejection, the jet measurements presented here have been restricted to |η| < 2.1. The total number of jets above p T thresholds of 40 GeV and 100 GeV in the data sample after event selection, UE jet rejection, and the |η| < 2.1 cut have been applied is shown in Table 2 for the most central and peripheral bins.
Performance of the jet reconstruction
The primary evaluation of the combined performance of the ATLAS detector and the analysis procedures described above in measuring un- Table 2 : Total number of jets in the data set with p T > 40 GeV and p T > 100 GeV in the 0-10% and 60-80% centrality bins after all event selection criteria, UE jet rejection, and the |η| < 2.1 cut have been applied. quenched jets was obtained using the MC overlay sample. In that MC sample, the kinematics of the reference PYTHIA generator-level jets (hereafter called "truth jets") were reconstructed from PYTHIA final-state particles for R = 0.2, 0.3, 0.4 and 0.5 using the same techniques as applied in pp analyses [36] . Separately, the presence and approximate kinematics of HIJING-generated jets were obtained by running R = 0.4 anti-k t reconstruction on final-state HIJING particles having p T > 4 GeV. Accidental overlap of jets from unrelated hardscattering processes may occur at non-negligible rates in the data due to the geometric enhancement of hard-scattering rates in Pb+Pb collisions. However, for the purposes of this Letter, the resulting combined jets are considered part of the physical jet spectrum and not a result of UE fluctuations. Then, to prevent the overlap of PYTHIA and HIJING jets from distorting the jet performance evaluated relative to PYTHIA truth jets, all PYTHIA truth jets within ∆R = 0.8 of a p T > 10 GeV HIJING jet were excluded from the analysis. Following reconstruction of the overlaid MC events using the same algorithms that were applied to the data, PYTHIA truth jets passing the HIJING-jet exclusion were matched to the closest reconstructed jet of the same R value within ∆R = 0.2. The resulting matched jets were used to evaluate the jet energy resolution (JER) and the jet energy scale (JES). The jet reconstruction efficiency was defined as the fraction of truth jets for which a matching reconstructed jet is found. The efficiency was evaluated both prior to (ε) and following (ε ) UE jet rejection. For all three performance measurements, the differentp T MC overlay samples were combined using a weighting based on the PYTHIA cross-sections for eachp T range. Figure 1 shows a summary of the ATLAS Pb+Pb jet reconstruction performance for R = 0.2 and are the reconstructed and truth jet E T values, respectively. The JES offset or "closure" was evaluated from the mean fractional energy shift, ∆E T /E truth T . The JER was found to be well described by a quadrature sum of three terms,
where a and c represent the usual sampling and constant contributions to calorimeter resolution. The term containing b describes the contribution of underlying event fluctuations, which do not depend on jet E T . Results of fitting the E T dependence of the JER according to Eq. 4, using methods described below, are shown with curves in Fig. 1 . The jet reconstruction efficiency decreases with decreasing jet E T for E T 50 GeV. The decrease starts at larger E T and decreases more rapidly for larger jet radii and in more central collisions. The inefficiency results primarily from the finite JER which causes jets with E truth T > 20 GeVto be measured with E rec T < 20 GeV. The UE jet rejection causes an additional loss of jets but in a manner that reduces the centrality dependence of the inefficiency.
The accuracy of the MC overlay studies described above was evaluated using the data overlay sample analyzed using the same procedures that were applied to the MC overlay sample. The analysis yielded results for the JER, JES, and efficiency consistent with the MC overlay sample, although the JER in the data overlay sample was found to be slightly better than in the MC overlay sample. The JES in the data overlay sample was found to agree between peripheral and central collisions to better than 1% for R = 0.4 jets, and the reconstruction efficiency was found to differ by less than 5% on the rise of the efficiency curve.
A data-driven check of the HIJING description of UE fluctuations was performed by evaluating distributions of EM-scale summed E T in rectangular groups of towers within the interval |η| < 2.8. The groups were chosen to match the areas of jets used in this analysis: 3 × 4 and 7 × 7 for R = 0.2 and R = 0.4 jets, respectively. No attempt was made to exclude jets from the fluctuation analysis. The dis- The contribution of UE jets to the measured jet spectrum after UE jet rejection is estimated to be 3% approximately independent of jet p T for 40 < p T < 60 GeV and less than 1% for p T > 60 GeV. This estimate was obtained by evaluating the rate of reconstructed jets in the HIJING MC sample which were not matched to HIJING truth jets and correcting for missing truth jets due to the p T > 4 GeV requirement applied in the HI-JING truth jet reconstruction.
Jet spectra and unfolding
Though jet reconstruction performance is naturally evaluated in terms of jet E T , the physics measurements in this Letter were performed as a function of p T directly calculated from the jet fourmomentum. The typical masses of the jets are sufficiently small that E T ≈ p T holds over the range of measured p T for all jet radii. The measured p T spectra of reconstructed jets passing UE jet rejection and having |η| < 2.1 were evaluated for each centrality bin using logarithmic p T bins spanning the range 38 < p T < 210 GeV. The correlations within and between p T bins arising from multi-jet events were quantified by the covariance, C ij , between the number of jets measured in two bins, i and j. The measured R CP was calculated as
where N cent jet represents the measured jet yield in a given p T and centrality bin, and N to the difference in the size of the UE fluctuations for R = 0.2 and R = 0.4 jets shown in Fig. 1 . The larger JER for R = 0.4 jets produces greater upward migration on the steeply falling jet p T spectrum in central collisions than in peripheral collisions, thus enhancing the measured R CP . The drop in the R = 0.4 R meas CP | 0-10 at low p T is due to the decrease in jet reconstruction efficiency between 60-80% and 0-10% centrality bins which, as noted above, largely results from the worse JER in central collisions.
To remove the effects of the bin migration, the jet spectra were unfolded using the singular value decomposition (SVD) technique [39] as implemented in RooUnfold [40] . The MC overlay samples were used to populate a response matrix, A, which describes the transformation of the true jet spectrum, x, to the observed spectrum, b, according to b = Ax. The truth and reconstructed jet p T were obtained from the MC overlay sample using the methods described in Section 6, and 5, respectively, and the selection and matching of truth and reconstructed jet pairs was performed as described in Section 6. Using the weighting method suggested in Ref. [39] , the unfolded spectrum is expressed as a set of weights w multiplying the input spectrum (x ini ) used to produce A. The SVD method expresses the solution for w in terms of a least-square minimization problem that includes a prescription for regularizing the amplification of statistical fluctuations of the data that would result from the direct inversion of A. The regularization is controlled by a parameter τ such that contributions from singular values s k of the unfolding matrix with s k < τ are suppressed. Inclusion of the p T -dependent reconstruction efficiency in the response was found to strongly affect the spectrum of singular values of the matrix defining the SVD problem, so the efficiency correction was applied separately following the unfolding. The spectrum of MC truth jets was reweighted to provide a smooth, power-law initial spectrum, x ini ∝ ε (p T )/p n T , where the power index was chosen to be n = 5. An analysis of the optimal regularization in the SVD unfolding following the methods of Ref. [39] indicated that a regularization parameter fixed by the fifth singular value (τ = s 2 5 ) of the SVD matrix was appropriate for all centralities and all R values. The statistical uncertainties in the SVD unfolding due to statistical errors on the input spectrum were evaluated using the pseudoexperiment technique with 1000 separate stochastic variations of the input spectrum based on the full covariance matrix. The contributions of statistical fluctuations in the response matrix, A, were similarly evaluated using an equal number of stochastic variations of the response matrix. The two contributions to the statistical uncertainty were combined in quadrature.
Potential biases in the unfolding procedure were evaluated using two different methods. Each unfolded spectrum was re-folded with its corresponding response matrix and compared to the measured spectrum for self-consistency. In general, regularization can introduce differences between re-folded and measured spectra on the scale of statistical uncertainties on the measured spectra, while overregularization can produce larger, systematic differences. For all of the unfolded spectra, the re-folding procedure yielded a typical difference between measured and re-folded spectra comparable to the statistical uncertainties on the measured spectra. A separate check was performed by unfolding the reconstructed MC spectrum for each centrality bin and each jet radius and comparing to the original MC truth jet spectrum. For this purpose, the MC data sets were divided in half and reconstructed spectra and response matrices were generated separately from each set. The unfolded and truth MC jet spectra typically agreed to better than 2%, though for the 0-10% centrality bin and for R = 0.4 and 0.5 jets, differences as large as 5% were observed in the lowest p T bins. These differences are covered by the unfolding systematic uncertainties described below.
The corrected R CP was evaluated according to
whereÑ jet represents the unfolded number of jets in the p T bin, and ε cent and ε 60-80 are the p Tdependent jet reconstruction efficiencies after UE jet rejection for the indicated centrality bins. Figure 3 shows the comparison of the corrected and measured R CP values as a function of jet p T for R = 0.2 and R = 0.4 jets in the 0-10% centrality bin. The unfolding has little effect on the R = 0.2 R CP due to the good energy resolution (relative to larger radii) for R = 0.2 jets even in central collisions. For the R = 0.4 jets, R CP is reduced by a factor of about two at the lowest p T values included in the analysis and is only slightly modified at the highest p T . Because the unfolding provides a nonlocal mapping of the input jet p T spectrum onto the unfolded spectrum, the statistical uncertainties in the unfolded spectra have significant correlations between bins, and there is not a direct relationship between the statistical errors in the input spectrum and the unfolded spectrum. The regularization of the unfolding also suppresses statistical fluctuations in the unfolded spectrum, but the statistical uncertainties in the measured spectrum also contributes to the systematic uncertainties from the unfolding procedure.
Systematic uncertainties
Systematic uncertainties in the R CP measurement can arise due to errors on the jet energy scale (JES), the jet energy resolution (JER), jet finding efficiency, the unfolding procedure, and the R coll values. Uncertainties in jet E T and p T are assumed to be equal (i.e. δp T = δE T ). Uncertainties in the JES and the JER influence the unfolding of the jet spectra. The resulting systematic uncertainties on the R CP values (δR sys CP ) were evaluated by producing new response matrices according to the procedures described below, generating unfolded spectra from these matrices, and calculating new R CP values. The resulting changes in the R CP values were taken to be estimates of δR sys CP . For uncertainties fully correlated in centrality, δR sys CP was evaluated by simultaneously varying the chosen centrality bin and the 60-80% bin, while for other uncertainties, the chosen centrality bin and 60-80% centrality bins were varied separately and the variations in R CP combined in quadrature.
Overall JES uncertainties common to the different centrality bins cancel in the ratio of the spectra in R CP , but centrality-dependent JES errors will produce a systematic shift in R CP . Studies using the MC overlay sample discussed in Section 6 indicate a maximum difference in JES between the 0-10% and 60-80% centrality bins for the jet p T range included in this analysis of 0.5%, 1%, 1.5% and 2.5% for R = 0.2, 0.3, 0.4 and 0.5, respectively. Studies were also performed with the data overlay sample using an identical procedure as that applied to the MC overlay sample. The JES evaluated in the data overlay was found to agree between the 0-10% and 60-80% centrality bins to better than 1%, which is better than the agreement found in the MC overlay sample.
Independent evaluations of a possible centrality dependence of the calorimeter JES were performed by matching track and calorimeter jets in both the data and the MC overlay sample. The track jets provide a common reference for evaluating calorimeter jet response that is insensitive to the UE. The average calorimeter jet E T was evaluated as a function of matching track jet p T , E values were found to be consistent across all centrality bins to better than 3%. Accounting for a slight centrality dependence seen in the MC overlay sample, the 0-10% and 60-80% bins agree to 2%. For p trkjet T < 50 GeV, R-and centrality-dependent differences of up to 4% (for R = 0.5) are observed between data and MC overlay results for E calo T
(p trkjet T
). This study provides a stringent constraint on changes in calorimeter response for jets affected by quenching and justifies the use of unquenched jets from PYTHIA in evaluating the jet performance and re- Figure 4 : Contributions to the relative systematic uncertainty on the R CP from various sources for the R = 0.4 anti-kt jets in the 0-10% centrality bin. The k ± 1 curves denote the uncertainty due to the choice of regularization parameter obtained by unfolding with the fourth and sixth singular values. A constant 5% systematic uncertainty on the jet reconstruction efficiency is assigned for p T < 100 GeVonly. The 11% uncertainty in the determination of R coll is indicated with a shaded box and is p Tindependent.
0-10%
sponse matrices.
Based on the combination of the studies described above, the systematic uncertainties on the centrality dependence of the JES for the 0-10% centrality bin and for calorimeter jet p T > 70 GeV were estimated to be 0.5%, 1%, 1.5% and 2.5%, respectively, for R = 0.2, 0.3, 0.4 and 0.5 jets. At lower p T , the assigned systematic uncertainties increase linearly with decreasing p T such that they double in size between 70 GeV and 38 GeV. For other centrality bins, the systematic errors on the centrality dependence of the JES decrease smoothly from central to peripheral collisions. The resulting δR sys CP values were evaluated using new response matrices generated by scaling the reconstructed p T to account for the above-quoted JES uncertainties. The JES systematic uncertainty is assumed to be fully correlated between different centrality bins and different R values.
Systematic uncertainties in the JER due to inaccuracies in the MC description of the UE fluctuations were evaluated using results of the fluctuation analysis described above. The effects of those inaccuracies were evaluated by rescaling the per-jet ∆p T ≡ p 
Since the discrepancies between the MC and the data were observed to be different for positive and negative fluctuations, the rescaling was applied separately for positive and negative ∆p T . The ΣE T values in the MC study were found to have larger positive fluctuations than those in the data for all centralities by approximately 2.5%, 2.5%, 5%, and 7.5% for R = 0.2, 0.3, 0.4 and 0.5 jets, respectively, so for positive ∆p T b was reduced by these percentages. For the 0-10% centrality bin, the negative fluctuations were also larger in the MC study than in the data by the same approximate percentages, so for central collisions the same, modified b value was used for negative ∆p T . For all other centrality bins, the negative fluctuations in the data were larger than in the MC by approximately twice the above-quoted percentages. Thus, for those centralities, the modified b values were obtained for negative ∆p T by increasing b by 5%, 5%, 10%, and 15%, respectively, for R = 0.2, 0.3, 0.4 and 0.5 jets.
New response matrices were generated using the calculated ∆p T values according to p rec T = p truth T + ∆p T , and these modified response matrices were used to estimate the JER systematic uncertainties following the procedure described above. The systematic uncertainty on the spectra due to the JER for the 0-10% centrality bin was taken to be one-sided as all evaluations indicate that the MC simulations slightly overestimate UE fluctuations. Asymmetric errors were obtained for the other centrality bins by applying the positive and negative ∆E T scalings separately. The JER systematic uncertainties were assumed to be fully correlated between different jet R values but uncorrelated between different collision centralities, so the uncertainties on the spectra were combined in quadrature in evaluating δR sys CP . The conservative assumption that the JER uncertainties are fully uncorrelated between different centrality bins is based on the observation that the differences between data and the HIJING MC sample in the fluctuation analysis are not the same for all centralities.
The systematic uncertainties associated with the non-UE contributions to the JER (described by the a and c terms in Eq. 4) were evaluated following procedures used by ATLAS in previous pp jet measurements [41] . New response matrices were generated by applying an additional stochastic smearing to the ∆p T values, and the systematic uncertainty was obtained by applying the procedure described above.
Systematic uncertainties on R CP due to the unfolding were evaluated by changing the power index (n) in the functional form for x ini by ±0.5 and by varying the regularization parameter. The ±0.5 change in the power law index was chosen because it produces a spectrum that changes relative to the default x ini over the measured p T range by a factor of about two -the typical suppression observed in central collisions. Thus, it covers the possibility that the true R CP could increase to one or decrease to 0.25 over the measured p T range. To evaluate the potential systematic uncertainty due to regularization, the unfolding was performed with regularization parameters obtained from the fourth and sixth singular values of the unfolding matrix, τ = s 6 . Systematic uncertainties on the spectra were determined from the differences in the unfolded spectra. The resulting δR sys CP values were obtained assuming that the regularization uncertainties on the two spectra are uncorrelated.
The systematic uncertainty on the efficiency correction was evaluated by comparing MC overlay and data overlay samples where differences less than 5% were observed on the "turn on" part of the efficiency curve. A 5% uncertainty due to the efficiency correction was applied to R CP for p T < 100 GeV in the four most central bins. To check for biases introduced by the UE jet rejection, the analysis was repeated with a significantly weakened rejection criterion in which jets were required to match a single track with p T > 4 GeV. No significant differences in the R CP were observed except for p T < 50 GeV where differences as high as 4% were found. These differences can be attributed to the contribution of additional UE jets.
The different contributions to the total δR sys CP are shown in Fig. 4 for R = 0.4 jets in the 0-10% centrality bin. The JES and x ini uncertainties are approximately independent of p T , while the JER uncertainty decreases with increasing p T . The regularization uncertainty grows with increasing p T due to the poorer statistical precision of the high-p T points. The systematic uncertainties for the other radii show similar p T and centrality dependence, with the JES and JER uncertainties increasing with jet radius as expected. Figure 5 shows the R CP values obtained for R = 0.2 and R = 0.4 jets as a function of p T in four bins of collision centrality with three different error contributions: statistical uncertainties, partially correlated systematic uncertainties, and fully correlated uncertainties. The R CP values for all centralities and for both jet radii are observed to have at most a weak variation with p T . For the 0-10% centrality bin the R CP values for both jet radii show a factor of about two suppression in the 1/N coll -scaled jet yield. For more peripheral collisions, R CP increases at all jet p T relative to central collisions, with the R CP values reaching 0.9 for the 50-60% centrality bin. A more detailed evaluation of the centrality dependence of R CP for R = 0.4 jets is presented in Fig. 6 , which shows R CP vs N part for six jet p T bins. R CP decreases monotonically with increasing N part for all p T bins. The lower p T bins, for which the data are more statistically precise, show a variation of R CP with N part that is most rapid at low N part . Trends similar to those shown in Figs. 5 and 6 are observed for all jet radii.
Results
The dependence of R CP on jet radius is shown in Fig. 7 for the 0-10% centrality bin in four jet p T intervals (left) and for different centrality bins in the 89 < p T < 103 GeV bin (right). For this figure, the shaded boxes indicate the combined contribution of systematic uncertainties due to regularization, x ini , and efficiency, which are only partially correlated between points. All other systematic er-rors are fully correlated and are indicated by solid lines. The results in Fig. 7 show a weak variation of R CP with R, that is nonetheless significant when taking into account the correlations in the errors between the different R values.
To demonstrate this conclusion more clearly, Fig. 8 CP values for both R = 0.4 and R = 0.5 differ from one beyond the statistical and systematic uncertainties. The deviation persists for R = 0.5 above 100 GeV. A similar, but weaker dependence is observed in the 10-20% centrality bin. In more peripheral bins, no significant radial dependence is observed. The differences between R CP values for the different jet radii increase with decreasing p T , except for the lowest two p T bins. However, direct comparisons of R CP between different jet radii at low p T should be treated with care as the same jets measured using smaller radii will tend to appear in lower p T bins than when measured with a larger radius.
Conclusions
This Letter presents results of measurements of the centrality dependence of jet suppression, characterized by the inclusive jet central-to-peripheral ratio, R CP , in Pb+Pb collisions at 2.76 TeV per nucleon at the LHC. The measurements were performed over the p T range 38 < p T < 210 GeV for anti-k t jets of radii R = 0.2, 0.3, 0.4 and 0.5. The inclusive jet yield is observed to be suppressed by a factor of about two in central collisions relative to peripheral collisions with at most a weak p T dependence to the suppression. The suppression varies monotonically with collision centrality over the measured p T range and for all jet radii. The R CP at fixed p T is observed to vary with jet radius increasing gradually from R = 0.2 to R = 0.5. That variation is most significant for p T < 100 GeV where more than a 30% variation is observed. These results provide the first direct measurement of inclusive jet suppression in heavy ion collisions. The substantial suppression of the jet yield observed at all p T values complements the previous measurements of dijet transverse energy imbalance in Pb+Pb collisions at the LHC [13- 
